Background: Generation of additional evidence may be necessary to access new promising technologies (marketing approval or coverage). Access with evidence generation (AEG) is a more recent concept with regard to coverage than to marketing approval. Objectives: One aim of Work Package 7 (WP7) Strand A of the European network for Health Technology Assessment (EUnetHTA) was to provide an overview of national AEG mechanisms associated with marketing approvals and funding or coverage decisions. Methods: A systematic literature review, surveys of WP7 Partners, and consultation of key people were used to obtain information on the AEG mechanisms used by twenty-three countries (twenty European countries, United States, Canada [Ontario], and Australia). Results: Interest in the implementation of AEG policies, particularly at the coverage decision stage, is growing. An overview of national experiences was used to draw up a generally applicable five-step policy framework for AEG mechanisms that comprised (i) a first assessment identifying knowledge gaps; (ii) a decision conditional to evidence generation; (iii) generation of the evidence requested; (iv) re-assessment integrating the new evidence; (v) a revised decision. The critical factors for success that were identified were coordination, methodological guidance, funding, and a regulatory framework. Countries were categorized on the basis of current implementation of the proposed policy framework. Conclusions: International collaboration is necessary to gather a critical mass of high-quality data quickly and to ensure timely access to new promising technologies. The overview produced by WP7A has led to development of tools to facilitate collaboration on evidence generation.
Access to new health technologies is subject to many constraints in most developed countries because these technologies are often costly and their impact on health and the healthcare system is uncertain. Obtaining marketing approval for This study was undertaken within the framework of the EUnetHTA Project, which was supported by a grant from the European Commission (Agreement number 2005110 project 790621). The sole responsibility for the content of this article (publication, presentation, etc.) lies with the authors, and the European Commission is not responsible for any use that may be made of the information contained therein. All other acknowledgements can be found elsewhere (34) . a health product (medicine or medical device) requires, in addition to quality assurance data, evidence on safety and efficacy, mostly collected in controlled settings and according to clearly defined standards (e.g., randomized controlled trials, RCT). However, to obtain coverage or funding for health technologies (medicines, medical devices, and diagnostic, medical, and surgical procedures), evidence on clinical effectiveness is often mandatory and may even need to be substantial. Additional data on quality of life, cost-effectiveness, and impact (e.g., on organization of care) may also be requested. All this further evidence is often collected in real-world, pragmatic studies that might not be in the standard form of an RCT and for which no international guidance exists (36) .
A major obstacle to ensuring timely access to new health technologies is inadequate evidence on which to base the decision to market or provide coverage, especially if the technology is highly innovative or "promising" (36) . Manufacturers, clinicians, and patient groups put pressure on decision makers. They demand early decisions and rapid access, but this increases the risk of inappropriate decisions. The authorities may unduly delay potential benefits to patients by waiting for stronger evidence, or may endorse technologies that later turn out to have a low benefit-risk ratio, to be ineffective, cost-ineffective, or even harmful (36) .
Hence, Several countries have therefore developed policy frameworks and mechanisms that allow temporary access to promising technologies while concurrently requesting the generation of additional evidence to reduce uncertainty. We refer to these mechanisms as access with evidence generation (AEG). Their objective is an optimal trade-off between stakeholders' needs, flexibility, responsiveness, and rigor. The decision to provide access is revised when the new evidence becomes available (33;35) .
OBJECTIVES
The aim was to identify the AEG mechanisms implemented in various countries, to use them to draw up a common policy framework applicable at both the marketing approval and coverage decision stages, and to identify the key factors for its successful operation.
METHODS

Development of the Common Policy Framework
A draft version of the common policy framework was developed on the basis of a review of the literature on AEG mechanisms and a survey of WP7A Partners (Supplementary Table 1 , which is available at www.journals. cambridge.org/thc2009003). A search was made for publications on AEG mechanisms (Databases: MEDLINE, BIO-SIS Previews, Current Contents, EMBASE, INAHTA and DARE; period: 1990-2008; languages: English or French) using four systematic search strategies (18) . Additional information was obtained from the gray literature (reports on the Web sites of medicines agencies, HTA agencies and national health insurance bodies). The survey attempted to identify the AEG mechanisms in use in Europe (response rate: 93%). This draft was discussed among WP7A partners, after attending key conferences and interviewing people working in the field. It was amended in the light of the comments. A second survey was performed to identify those countries that implemented the proposed policy framework in part or in full (response rate: 34%).
Excluded Topics
The following were excluded: (i) Early warning and horizon scanning systems: Their purpose is to identify and inform policy makers on forthcoming new health technologies and to help prioritize HTA. There is no prospective data collection (19) .
(ii) Investigational use of nonapproved medical devices or medicines with data collected in clinical trials requested by the regulatory bodies and funded by the applicant: This was considered to be part of the conventional procedure for obtaining marketing approval or licensing, for example, Australia (5) and the United States (22 (40) for medicines used to treat serious or rare diseases for which alternative treatments are not available and for which preliminary evidence strongly suggests a positive benefit/risk ratio. This mechanism focuses more on enabling early access than on collecting evidence and cannot replace investigational clinical trials.
(v) "Routine" vigilance systems (15) for medicines and devices: These are based on spontaneous reporting of data. Data collection is neither systematic nor comprehensive (36) .
new medicines have orphan status, or are intended for seriously debilitating, life-threatening diseases or emergency situations (e.g., pandemics). At least four conditions must be met: (i) preliminary evidence should indicate a positive benefit/risk ratio; (ii) the applicant should be able to provide comprehensive data; (iii) unmet medical needs should be fulfilled; (iv) the public health benefit of immediate access should outweigh the risk due to uncertainty. The decision is made before comprehensive clinical data becomes available. Authorization is granted on a yearly basis and carries the legal obligation to provide further evidence on safety and efficacy (completion or initiation of studies). Conventional marketing authorization may be granted after yearly review of the evidence generated (16) . Some countries also have their own conditional marketing authorization mechanisms, for example, Italy (Autorizzazione subordinata a condizioni) (41) , Spain (Autorizacion especial) (3), Denmark (37), Germany (20) , Belgium (46) , and Canada (Notice of compliance with conditions: NOC/c) (50) .
Postmarketing Studies (Including Active Pharmacovigilance). Postmarketing studies are not a prerequisite to marketing approval, but the data collected (e.g., on safety or efficacy in a given population in the usual clinical setting) may impact at any time on the benefit/risk ratio and thus result in changes to marketing authorization (Supplementary Table 2 ) (17) . Most postmarketing studies address safety concerns, as data on safety tends to be limited when approval is granted. Proactive actions to complement routine pharmacovigilance systems (spontaneous reporting of adverse events) are now implemented worldwide.
In the EU, whenever safety concerns arise during clinical trial assessments, the EMEA requests further data collection and appropriate pharmacovigilance, with quantification of adverse events (15) . Some Member States implement additional active surveillance to meet their own specific needs: Belgium (46), Finland (44), France (2), Germany (20) , Italy (41), Latvia (29) , Netherlands (11), Portugal (33), Spain (39) , and the United Kingdom (21) . This also occurs in Australia (6) and the United States (23).
Medical Devices. Much less information was found on medical devices than on medicines. Two types of AEG mechanisms for marketing approval were identified in seven of twenty-three countries (Australia, Canada, Latvia, Spain, Switzerland, United States, and United Kingdom): (i) conditional licensing and (ii) postmarketing clinical follow-up.
Conditional Licensing. Conditional licensing may be granted to new moderate-or high-risk medical devices in Canada "when there is reasonable assurance that the device is safe and effective but supplemental information is required to support this conclusion" (49) . The applicant has to fund and set up studies to collect additional clinical data to confirm the benefit/risk ratio within a set deadline (49 (25;26) . Funding comes from either the holder of the marketing approval or public institutions.
A new EU directive applicable from March 2010 (13) will request systematic data collection during postmarketing surveillance (unless nonapplicability can be justified). This follows the guidance issued by the Medical Devices Evaluation Committee (MEDDEV) (14) -already implemented by Latvia (29) and Switzerland (52) .
AEG Mechanisms Associated With Coverage Decisions
AEG mechanisms associated with coverage decisions, unlike those associated with marketing approval are recent. To date, few countries have implemented such mechanisms (10;32;45;55), but an increasing number are showing interest and attempting to identify mechanisms that will meet their local needs and constraints. These mechanisms are applied to medicines, medical devices, and/or procedures (Table 1). We identified only twelve of twenty-three countries implementing AEG mechanisms before coverage decisions: Canada (Ontario) (42;43;47), Spain (38) , Australia (43), United States (55), Switzerland (12), Sweden (53), Belgium (9), Netherlands (51), France (27) , England/Wales (10;45), Germany (10), and Italy (4).
The mechanisms fell into three main categories of uncertainty: (i) the "No, unless . . ." category which considers that evidence is inadequate to grant coverage unless additional requirements are met; (ii) the "Yes, but . . ." category which considers that the evidence is reasonably adequate to grant coverage provided that additional evidence is generated, and (iii) the "Yes for now" category which considers that the evidence is adequate to grant standard coverage but requests data on specific points (e.g., on conditions of use). Access may be limited to patients included in a clinical trial or treated in data collection centers, or may be unrestricted. Tables 1 and 2 show the AEG mechanisms implemented by each category and the bodies involved.
Some countries (Canada [Ontario] , Spain, Australia, United States, Switzerland, Sweden, Belgium, Netherlands, France, and England/Wales) implement a structured form of AEG (conditional coverage) which is usually part of an established policy framework, in which the initial decision on coverage is conditional to the generation of evidence in response to the decision-makers' requests (10;32;55 (clinical trials) or under real-life conditions (registries, observational, pragmatic, or health economics studies). Their results are taken into account in the reassessment and in the subsequent revised coverage decision (10;32;55) that may lead to standard coverage, modification of coverage conditions, or even to delisting. Table 3 compares the strengths and weaknesses of all these AEG mechanisms.
Common Policy Framework for AEG Mechanisms
The above descriptions of the AEG mechanisms currently implemented, whether for marketing approval or coverage/reimbursement decisions, were used to construct a common-denominator model underlying a five-step policy framework (Supplementary Figure 1, which is available at www.journals.cambridge.org/thc2009003):
Step 1. A first assessment pinpoints evidence gaps and data needs and proposes a plan for data collection (type of data and study, time period, etc.).
Step 2. A decision is made on conditional and temporary access to the technology. This decision is based on the first assessment and is accompanied by a request for evidence generation (which type of data needs to be collected and analyzed to fill which evidence gaps, in reply to which uncertainties voiced by the decision makers).
Step 3. During an interim period of conditional access to the technology, the data that have been requested are collected and the use of the technology is monitored. Conditions of use are usually restricted and well-defined (e.g., in a limited number of centers, performed by highly skilled professionals, etc.).
Step 4. A second assessment that includes the new evidence is performed.
Step 5. A revised decision based on this second assessment is made with regard to access to the technology.
Outcomes of this process may be widespread and appropriate availability of the technology, restricted diffusion, or discontinuation of use.
During construction of the model, WP7A Partners drew attention to the reported barriers against establishing and operating a completely operational system at the coverage stage (10;32;55) and stressed the need to establish critical success factors (Box 1).
This common policy framework and associated critical success factors apply to the implementation of AEG both at the marketing approval and coverage decision stages. It is derived from the current regulatory framework for medicines. Although all five steps and all factors are usually applied in the case of medicines (EMEA has defined study designs, quality requirements, organized the coordination of bodies, etc.), many steps and factors are often omitted in the case of coverage decisions (Table 3) . 
Note. +++, full AEG; ++, partial AEG; +, passive AEG; −, No AEG. E , AEG implemented by EMEA and applicable in European Countries; N , country-specific AEG implemented at national level.
Box 1. Barriers to and Critical Success Factors for Evidence Generation
Barriers
Critical success factors
• Difficulty in agreeing on data requirements and study design
• Coordinating body overseeing the contributions and collaboration of all participants • Evidence generated does not meet quality criteria and cannot therefore inform a decision
• Scientific leadership and clear guidance on key methodological issues (e.g., study design) for relevant and high-quality evidence • Lack of coordination among the Partners and bodies overseeing data collection • Dedicated funding for data collection and analysis (e.g., studies and registries), regardless of source • Limited funds to finance the generation of evidence that meets HTA agency and decision-maker requirements • Regulatory framework • No well-defined regulatory framework governing coordination and financing
Ranking Implementation of AEG Mechanisms
We compared our observations on the implementation of AEG mechanisms with the model policy framework. To do this, we arbitrarily defined four levels of execution:
(i) Full implementation: All five steps and all four critical success factors are implemented. The first assessment identifies evidence gaps. Data collection meets quality standards. The revised decision is based on an updated literature review and on the additional data generated.
(ii) Partial implementation: The five steps are fully operational. The first assessment identifies evidence gaps. However, data collection is hampered by national constraints on implementation of the success factors. The revised decision is based on an updated literature review, but on partial data collection only (mostly registry data).
(iii) Passive implementation:
The first assessment identifies evidence gaps, but data are not collected usually for financial or regulatory reasons. The revised decision is based on an updated literature review only.
(iv) No implementation:
There is no systematic identification of new technologies nor any follow-up of their diffusion. No second assessment is performed.
As illustrated in Table 4 , the degree of implementation (full, partial, passive, or absent) varied widely among the twentythree countries.
DISCUSSION
Timely access to new promising technologies (marketing approval or coverage) often depends on the generation of additional evidence (36) . Access with evidence generation (AEG) is well known in the context of marketing approval, but is a more recent concept in relation to coverage (10;32;55) . Few countries have experience of AEG as applied to coverage. The issue has been hotly debated by WP7A and also by the Health Technology Assessment international (HTAi) special interest group on "conditional coverage and evidence development for promising technologies" (30) . WP7A reviewed the national AEG mechanisms associated with coverage decisions using the gray literature (Web sites informing on local laws, regulatory frameworks, and procedures), interviews, and surveys of WP7A Partners, as published data was scarce especially for Europe. The review may have shortcomings, but it has served its purpose of informing a debate among WP7A Partners to move toward international collaboration.
Coverage decisions were linked to AEG mechanisms in ten of the twenty-three countries studied (Canada [Ontario] , Spain, Australia, United States, Netherlands, Sweden, Switzerland, England/Wales, France, and Germany) (10;32;55) . In most of these countries, requests for AEG filled knowledge gaps and enabled decisions on the appropriate diffusion of several promising technologies after conditional coverage, for example, lung volume reduction surgery (United States), positron emission tomography scanning (Canada, Australia, Spain, United States), and endovascular repair of abdominal aneurysms (Canada, Australia, Spain). However, the system does not always work. For instance, no funding could be found for evidence generation on cochlear implants in the United States, and the lack of meaningful endpoints for implantable cardioverter defibrillators (ICD) meant that American ICD register results were disappointing and of no use (54) .
We used the review to construct a five-step model policy framework for AEG mechanisms for implementation and/or adaptation by interested countries. This framework, together with its critical success factors, covers new and existing conditional coverage frameworks and includes relevant adaptations from the long-standing regulatory frameworks for medicines. It is thus applicable to AEG at the marketing approval stage (where all 5 steps are implemented) and at the coverage decision stage (where steps are often omitted). The framework revolved around the collection of relevant data on promising technologies that could effectively support decisions on appropriate diffusion or discontinuation of use. However, the actions needed to generate these data may require changes to currently applicable policy frameworks.
The critical success factors that were identified were (i) coordination, (ii) methodological guidance, (iii) funding, and (iv) an implemented regulatory framework. Their absence can hamper data collection.
(i) A named body should coordinate all actions. For instance, in Spain and Canada, decision makers, HTA organizations, healthcare professionals, and researchers cooperate to garner data and implement policy recommendations under the supervision of a coordinating body. In contrast, in the French system of conditional coverage for medical and surgical procedures, coordination between the Ministry of Health, national health insurance, the HTA agency, health professionals, and industry has been poor despite each stakeholder's interest, partly because of the lack of a suitable funding mechanism. Hopefully, a scheduled change in the law on innovative technologies will lead to improvements. In the case of medicines, collaboration is needed between the regulatory setting (assessment and marketing decision) and the HTA setting (assessment and coverage decision) to avoid duplication of work (e.g., between national medicine agencies and HTA agencies). Assessment reports from the marketing authorization process or postmarketing data may also be useful in an initial HTA.
(ii) There must be clear scientific guidance to define precisely the most appropriate type of data and study design to ensure that evidence will ultimately improve. The timeliness and duration of data collection are also important, although there is no consensus on criteria to determine duration (32;54).
(iii) Dedicated financing mechanisms for data collection and analysis are essential, especially before deciding on coverage. Funding should be adequate so that data collection does not end prematurely, or result in generating low-quality data. It could be restricted to data collection in certain centers only. There might be just a single source of funding (generally public) or multiple sources (public, private, or mixed), often each covering a specific cost. For example, the National Heart Lung and Blood Institute (NHLBI) supported the funding and administration of the National Emphysema Treatment Trial (NETT), whereas Centers for Medicare/Medicaid Services (CMS) paid for patient care (8) . Opportunity for public-private partnership should also be considered (7).
(iv) A regulatory framework should clearly state the role and responsibility of each Partner and ensure that the AEG results are used during the revised decision process. For instance, in Germany, the results from pilot projects are not systematically considered during reassessment because of lack of a regulatory framework.
Other challenging issues concerning promising health technologies, and not listed among the above success factors are: (i) collaboration with academic research, (ii) uncertainty thresholds, selection and prioritization, (iii) timing of the request for evidence generation, and (iv) the relationship between HTA and AEG.
(i) Decisions on conditional access are usually made independently of decisions on clinical research. We noted that AEG mechanisms were strengthened when HTA agencies, decision makers, and research institutions collaborate, as in Ontario.
(ii) The criteria for estimating uncertainty and prioritizing technologies that might benefit from an AEG mechanism should be explicit, especially as resources are limited (54;55).
Common policy framework for evidence generation (iii) When an authority should request evidence generation is a moot point. The trend is toward providing scientific advice in the early stages of the technology's development, as some medicines agencies already do.
(iv) The initial HTA should clearly quantify uncertainty, identify knowledge gaps and data needs, and indicate avenues for further research with possibly clear guidance on which data should be collected in which type of study to ensure that the evidence generated will meet requirements.
Broader subjects of debate are how the generation of new evidence within AEG fits with clinical research and the ethics of access to technologies for which uncertainties remain. Interest in AEG policies for coverage decisions is growing in Europe as illustrated by the work carried out by EUnetHTA WP7A (twenty countries), but also worldwide as demonstrated by the creation of the HTAi interest subgroup on conditional coverage after the 2008 HTAi meeting (30) . International collaboration offers shared methodological expertise, pooled resources, possible harmonization of evidence requirements (31), less duplication, and more HTAs. It would also enable a critical mass of data to be gathered within a reasonable timeframe, especially on health technologies that concern few patients and involve long follow-ups. As a first step toward international collaboration, WP7A has developed tools for evidence sharing on promising technologies (48) .
CONCLUSION
Interest in the implementation of AEG policies is growing. WP7A analyzed national experiences and has proposed a general policy framework. The main steps and key factors needed to generate relevant evidence on promising technologies were identified, and the issues they raise were discussed. International collaboration is useful, even necessary, to gather a critical mass of high-quality data quickly, while ensuring timely access to promising health technologies. The work carried out by WP7A has led to the development of tools to facilitate collaboration on evidence generation. 
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